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We start from the analytical expression of the eigenvalues of the photon self-energy tensor 
in an external constant magnetic field B calculated by Batalin Shabad in the Furry representation, 
and in the one-loop approximation. We expand in power series of the external field and in terms 
of the squared photon transverse momentum z 2 and (minus) transverse energy z\ — k 2 — z 2 , in 
terms of which are expressed . A general expression is given for the photon anomalous magnetic 
moment /i 7 > in the region of transparency, below the first threshold for pair creation, and it is 
shown that it is positive, i.e. paramagnetic. The results of the numerical calculation for /i 7 > are 
displayed in a region close to the threshold. 
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This paper is to be understood as a complement of the shorter paper Here calculations of several quantities 
appearing in it are made in more detail. We start from the renormalized eigenvalues of the polarization operator in 
presence of a constant homogeneous magnetic field in one-loop approximation, given by Shabad in [2J : 



I. POLARIZATION OPERATOR 
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where we have 
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where z\ = fc| — k 2 , and z 2 = k 2 ^ 

After introducing the new variable t = eBr, previous expressions look like 
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A. Small frequencies limit zi,Z2 << m 2 

We are interested in a wide range of frequencies characterized by the condition z\, z% « m 2 . We can express ([2]) 



as 
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and consider the first few terms of in the series expansion (|4|) . Here we will explicitly compute «j and re^ 1 . 

To get the linear term of Ki in zi, Z2 (which for z\ = z 2 will be used as the infrared limit), we take e^ =1 , and from 
Pi we have, by naming it as K$ , 
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After integrating in -q we get 
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Now we are interested in the next order quadratic on Z\,z%. Let us call this term k\ . This term in ([4]) is 
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B. Small fields limit eB « m 2 

For holds eB « m 2 (actually it is enough that ^| < 1CP 1 ) the functions inside the integrals in k^'^ are 
signihcantly different from zero only for t < < 1 and we can expand the following expressions around t = and retain 
the first few terms: 
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Note that in the zero field limit B = 0, terms with the factor (z\ + z^) 2 remain as non-zero as it is expected in 
quantum electrodynamics [|[ 

For the particular case k = k^ by taking the first terms of the expansion in powers of B 2 in (123)) , (|26[) we have 



.(0) 



.(0) 



z B . 2 2 )2 . 
dbit mr 5 
e 4 B 2 2 2 6 2 



(30) 



For the light cone 24 + 22 = 0, the expressions (|3"D|) agree with those for the refraction indexes obtained earlier by 
Adler Q and Dittrich [f| by starting from the Euler-Heisenberg Lagrangian and differentiating with regard to the 
photon fields. 



II. PHOTON ANOMALOUS MAGNETIC MOMENT 

We differentiate with regard to B the dispersion equation z\ + z% = Ki and get 
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and using fe- = — 2w^g- , we obtain an expression for the photon anomalous magnetic moment (see Fig. 1) 
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A. Small frequencies limit 21,22 << m 2 



For small frequencies to 2 > > z\ , z% we can take only the first term in the series expansion (|U) . In this section 
we are interested in computing fi 2,3 (perpendicular propagation). The solutions of the dispersion equations in this 
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FIG. 1: Photon magnetic moment curve drawn with regard to squared frequency, for the second and the third modes showing 
a peak near the first and the second threshold, respectively. 



limit z\ + z 2 



f° r the second and the third modes, respectively, are 

2 2 

1 - dte-fBtg 22 



Z\ 



zi 



-Z2- 



-Z2 



1 - 4? IT dte ~ ^921 
1 - 2& IT ^'^931 



From (|34|) . (|35|) . after a straightforward calculation we get /j, 2 ' 3 
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